ABSTRACT.--To assess natural variation in ejaculate quality of male Dark-eyed Juncos (Junco hyemalis), as well as to measure any effect of experimental treatment with testosterone (T), we used cloacal massage to collect sperm samples from captive (1993) and free-ranging (1994, 1995) populations. We made three measurements of ejaculate quality in males, approximately half of which had been treated with T: (1) volume, (2) sperm concentration, and (3) total number of sperm per ejaculate (ejaculate size). Ejaculate volume and concentration varied by year, but ejaculate size did not; therefore, we used ejaculate size as our primary measure of ejaculate quality. Control (C-males) and hormone-treated (T-males) males from the captive population did not differ in any measure of ejaculate quality, but in the freeranging population, C-males produced larger ejaculates than T-males. Independent of treatment, ejaculate size varied significantly with season and stage of reproduction in the freeranging population. C-males had significantly fewer sperm at the beginning of the breeding season than in midseason and thereafter, but reserves in T-males did not differ significantly with season. For males in both treatments, ejaculates were smallest when their mates were fertile and increased significantly when their mates were incubating and when the pair was feeding nestlings. We then asked whether the observed patterns were more likely attributable to differences in rate of sperm production or rate of sperm utilization (i.e. copulation frequency). The finding that free-ranging T-males had fewer sperm than C-males, whereas captives did not, suggests that treatment with T may have led to differences in utilization (i.e. by copulation). The observation that in both T-and C-males ejaculates were smallest when their mates were fertile also suggests that frequent copulation depletes sperm reserves. Re-
fertile and increased significantly when their mates were incubating and when the pair was feeding nestlings. We then asked whether the observed patterns were more likely attributable to differences in rate of sperm production or rate of sperm utilization (i.e. copulation frequency). The finding that free-ranging T-males had fewer sperm than C-males, whereas captives did not, suggests that treatment with T may have led to differences in utilization (i.e. by copulation). The observation that in both T-and C-males ejaculates were smallest when their mates were fertile also suggests that frequent copulation depletes sperm reserves. Re- We refer to the sperm samples we obtained as "ejaculates." We do not know whether these ejaculates are larger or smaller than the natural ejaculate size delivered by juncos during copulation, nor do we know how they relate in size to the total number of sperm stored in the glomera. We assumed that the physiological response to the fixed amount of stimulation we provided by cloacal massage was the same across treatments and throughout the season and stages of reproduction. Thus, we assumed that variation in ejaculate size reflected variation in total number of sperm stored in the glomera. May 1995) when they were establishing territories and acquiring mates. Individuals were taken to the laboratory, assigned to a treatment group, implanted, and immediately released onto their territories.
In 1995, males that had been studied in 1994 were assigned the same treatment that they had been randomly assigned in 1994. In each year, males new to the study site were separated according to age (one year old and older than one year) and capture location, then randomly assigned to a treatment. When individuals were recaptured later in the field season for collection of sperm (see below), we checked to verify that their implants were still in place. Males with territories on the study site that were not caught during the time that implanting took place received no implants. Sperm of such males, when they were caught later, was sampled only in 1994; these cases Nine of the 14 males sampled during the fertile stage were caught when there were either one or two eggs in the nest. The other five were caught one or two days before the laying of the first egg. Because female juncos generally begin to incubate on the night before their last egg is laid, we defined the incubation stage as the period from the laying of the last egg to the hatching of the first egg, inclusive; this interval averages 12 days in juncos. Males captured during the incubation stage were caught between day 6 and day 10 of incubation. The nestling stage also lasts approximately 12 days, at the end of which time the young fledge. All males caught during the nestling stage were captured when nestlings were between 6 and 11 days old (hatching day = day 0). We caught all individuals in the morning (0600 to 1200). Because males were present at the nest more frequently during the nestling stage, we could intercept them as they approached to feed young. However, the location of males was less predictable dur- We quantified the effect of T on sperm number both with respect to advance of season (defined below) and to stage of reproduction (defined above). We included in the stage analyses only males whose stage of reproduction we knew, whereas analyses by advance of season included all males sampled, whether or not we knew their stage of reproduction. For the season-advance analyses, we counted the days between first and last sampling dates (both years combined), inclusive, and divided that number into three equal periods: early (20 April to 26 May), middle (27 May to 2 July) and late (3 July to 9 August). Only a small number of males was captured in all periods of the season (five C-males, two T-males) or all stages of reproduction (three C-males, one Tmale), so we were unable to perform repeated-measures analyses. Instead, we performed one two-way To assess variation in ejaculate size with and without the effect of instances of sampling that produced no sperm, we proceeded as follows. First, we defined the sample as all males that produced sperm on at least one of the occasions that they were sampled. We thus excluded any occasions in which individuals had empty reserves. Next, from among the occasions on which sperm were produced, we randomly selected one occasion to represent each individual male for which we had more than one sample (season: 37 C-males, 29 T-males; stage: 32 C-males, 21 Tmales). We then performed both two-way ANOVAs (i.e. hormone treatment by stage and by season) on the remaining samples. Second, we defined the sample as all males whether or not they produced sperm on at least one occasion. This procedure included a larger number of males than the one used to produce the first sample and also required reconsideration of males belonging to the first sample, because it was now appropriate to consider occasions when males did not produce sperm (season: 43 C-males, 37 Tmales; stage: 35 C-males, 27 T-males). Again to avoid pseudoreplication, we repeated the procedure of choosing a single occasion at random to represent each male in the second sample. The effect of this resampling was that a male might enter the analysis of the first sample as a sperm producer during a particular period of the season or stage of reproduction, and enter the analysis of the second sample as a nonproducer during a different period of the season or stage of reproduction. For the second sample, which included many "zero" ejaculates, assumptions of normality were not met and were uncorrectable by Ejaculate size and stage of reproduction.--Ejaculate sizes of C-males and T-males were smallest in the fertile stage (Fig. 3) . For males that produced an ejaculate (Fig. 3A) , stage of reproduction had a significant effect on ejaculate size independent of the effect of treatment (F = 5.21, df = 2 and 52, P < 0.01). There was a strong trend for treatment to affect size of ejaculates (F = 3.73, df = 1 and 52, P = 0.06), but the interaction of stage and treatment was not significant (F = 1.96, df = 2 and 52, P = 0.152).
The pattern did not change when males with empty reserves were included in the analysis (Fig. 3B) . Ejaculate size of C-males increased in a stepwise manner as the nesting cycle progressed: ejaculates were smallest in the fertile stage, larger in the incubation stage, and larger still in the nestling stage (H = 8.71, df = 2, P = 0.013). Multiple comparison tests showed that C-males had significantly smaller ejaculates in the fertile stage than in both the incubation and nestling stages (P < 0.05). In T-males, the effect of stage on ejaculate size also was significant (H = 11.79, df = 2, P = 0.003); ejaculates were significantly smaller in the fertile stage than in the incubation and nestling stages (ejaculates in the incubation and nestling stages were 20 times larger than those in the fertile stage).
Independent of the effect of treatment, the proportion of individuals with empty reserves was higher in the fertile stage (n = 8, 57%) than in the incubation stage (n = 3, 13%; Fisher's exact test, P = 0.008), but we found no significant difference between the incubation and nestling stages (n = 1, 4%; Fisher's exact test, P = 0.338). When we considered treatment, a smaller proportion of C-males (n = 2, 33%) than T-males (n = 6, 75%) had empty reserves during the fertile stage, but this difference between treatment groups was not significant (Fisher's exact test, P = 0.28). There were also no significant differences in the proportions of males with empty reserves between treatment groups for the incubation stage (C-males: n = 2, 15%; T-males: n = 1, 10%; Fisher's exact test, P = 1.00) and the nestling stage (C-males: n = 0; T-males, n = 1, 11%; Fisher's exact test, P = 0.36).
DISCUSSION
Ejaculate size varied temporally in male Dark-eyed Juncos. Free-ranging C-males had significantly smaller ejaculates early in the breeding season than later. They also had significantly fewer sperm when their mates were fertile than when their mates were incubating or feeding nestlings.
Free-ranging T-males also showed temporal variation in sperm numbers, but the pattern 
